The M W 6.3 Yogyakarta, Java, Indonesia, Earthquake occurred on May 27 th 2006 and killed more than 5,000 people and injured more than 36,000 people. The earthquake had a duration of 52 seconds, which is a long duration for the magnitude of the event, and left 600,000 people without shelter. The earthquake occurred near Mt. Merapi, which is an active volcano. The paper's purpose is to outline the existing knowledge about the earthquake and place this knowledge within the context of recent studies of the statistics of earthquake fatalities. The study of the earthquake deaths and injuries form part of an ongoing investigation into the development of methods to estimate fatalities in given earthquakes, and in particular the upper bounds to the fatalities observed in a special group of rare fatal earthquakes.
Introduction
An M w 6.3 earthquake occurred near the city of Yogyakarta (20 km SSW) on the island of Java on May 27, 2006 resulting in than 5782 deaths, and 36,299 injuries [1, 2] . This death toll places the 2006 Yogyakarta earthquake into the group of rare earthquakes in the last two millennia that define the bounds of deaths in such events. These rare events, only seven in the 20 th century, are critical to understanding the site factors that affect losses in earthquakes. This paper updates the information available at the end of the 20 th century to revise the original mathematical model [3] developed to estimate earthquake deaths for a given magnitude.
Shiono [4] completed the seminal study on earthquake fatality rates in 1995 using the 1976 Tangshan earthquake as the basis for the analysis. The 1976 Tangshan earthquake estimated death toll was 242,000, with a peak fatality rate of 30 to 50% in the Felt X to XII area. This Chinese earthquake represents the largest fatal event of the 20 th century. Shiono demonstrated a clear and unambiguous relationship between population fatality rates and the distance from the epicentre of the earthquake.
Literature review
Structural engineering standards developed in the latter part of the last century allow for the construction of modern houses, structures, and buildings that can withstand some, but not all, earthquakes [5] . Nichols et al [3] show in a study of the earthquake fatalities against earthquake magnitude that a bounding function could be established for the twentieth century earthquake fatality data. Figure 1 shows the original bounding function, plotted with the rare fatal events that provide the points to determine the bounding function for fatalities. The original bounding function for the fatality count against earthquake magnitude.
The form of this original bounding function, based on data from the period before 2000 AD, was estimated using standard regression techniques (Eqn. (1) The function has a regression coefficient of 0.95 for a fatality count of
and an earthquake magnitude M . Earthquake magnitudes were determined from the USGS National Earthquake Information Center [6] . These magnitudes are Ms from the NOAA catalogue, except for 1976 Tangshan, and the 1989 Newcastle earthquakes that are coded UKGS and MDCNB respectively in the catalogue. The magnitude of the 1999 Quindío, Columbia, earthquake was based on the EERI report [7] and was coded M l . The fatality counts, R Ξ , for the remaining earthquakes of this last century are below the bounding function,
There are usually observable and simple reasons why these fatality counts are lower than the bounding function, e.g., earthquakes in remote regions, rates of attenuation, population densities, higher building construction standards, and timing of the event. However, given the post earthquake studies from the twentieth century it was evident that the closer the meizoseismal area of a large earthquake was to the center of a population, then the higher was the potential mortality rate [7] [8] [9] .
The fatal meizoseismal area in the context of this paper is the area of damage that can cause death. In this case we are very specifically referring to areas enclosed by the line of building damage likely to cause death. Shiono's data [4] indicates that this limit of deaths is at about the iso-seismal delineating the felt intensities five and six. The damage outside this area is economically significant, but not generally fatal. The second recent observation is the increase in fatal earthquakes per annum during the 20 th century from about 4 annually in 1900 to 16-20 annually in 2000. Figure 2 shows the location of the major damage center in Java from the May 27 th earthquake. The critical data for the study is the distribution of losses in the event and the corresponding distribution of the population at the time of the event. The estimated population of Yogyakarta is 500,000, providing a raw estimate of the fatality rate across the city of about 1.2%. This fatality rate is comparable with the overall rate in the M 7.7 2001 Gujarat earthquake of 1.1%, even though the Java event is a significantly smaller earthquake. The other interesting feature is the relatively poor construction in India which is blamed for the large death toll, needs to be compared to the Indonesian building standards.
2006 Yogyakarta earthquake details

Earthquake consequences to the bounding function
The 27 th May Java earthquake proved to be one of those earthquakes that cause fatalities as well as building damage, but at an overall fatality rate for the magnitude of the earthquake that only occurs about once a decade. The interesting feature of the first 7 years of the 21 st century is that two such events have occurred in this period. The first in Italy with deaths of 22 schoolchildren in an M 5.4 event and now the deaths of 5782 people in an M w of 6.3 in Java.
Figure 2:
Disaster area in Java (Jaxa [10] ). Revised fatality data and bounding function. Figure 1 shows the plot of the pre-2000 data for high fatality rate earthquakes against earthquake magnitude. The recent Italian and Javanese earthquakes have been added to the simple database used to develop Figure 1 . This simple database was analysed to determine the revised bounding function for peak fatality rates plotted against earthquake magnitude. Figure 3 shows the revised plot and revised bounding equation.
The form of this revised bounding function, based on data from the period before 2008 AD, was estimated using standard regression techniques and is given in Eqn. (2) 884 . 31 2 572 . 0 2276
The function has a regression coefficient of 0.97 for a fatality count of
The slight increase in the regression coefficient can be attributed to the increased number of points in the plot. The critical difference is the estimates of the fatalities for the two bounding functions. Table 2 lists a set of the fatality estimates for the two bounding functions for a range of earthquake magnitudes. The percentage differences between the two equations are presented in Table 2 .
The differences show a slight fall at the upper end of the range, and a 15% increase in losses in the mid range event. The clear question is whether the 1908 Messina event should be considered a bounding function and this question will be the subject of further research. The May 27 th 2006 Yogyakarta earthquake is clearly one of the largest fatal events for a given earthquake magnitude recorded in the last 100 years. This event will provide with further research a better picture of the impacts that the five factors have on the earthquake fatality rate for mid range fatal earthquakes. The five factors are a density function, a building and ground factor, an attenuation factor, a fatality rate factor and an aleatory uncertainty factor.
Conclusions
The Yogyakarta earthquake that occurred on the 27 th May 2006 has an official death toll of 5782 people, with many more injured and left homeless. Recent research on fatal earthquakes has shown an increase in the number of fatal events from about four per annum in the year 1900 to about sixteen to twenty in the year 2000. A much smaller group of fatal earthquakes have particularly high fatality rates for the magnitude of the event. This group of high rate fatal earthquakes has had two new members added to the set since 2000 AD, which are the M 5.4 2001 Italian earthquake resulted in the death of 22 schoolchildren and the 2006 Yogyakarta earthquake. This paper presents the changes to the estimated fatality bounding function when plotted as a function of earthquake magnitude for these two additional rare fatal events. The mid range of the earthquake magnitudes has a fifteen percent increase in the estimated tolls. The upper end has a small drop of three percent, which is not considered statistically significant. The Yogyakarta earthquake requires further study to determine the factors that caused the high death toll.
